Abstract -The in vitro hemolytic activity of Tritrichomonas foetus was investigated. The parasite was tested against human erythrocytes of groups A, B, AB, and O, and against erythrocytes of nine adult animals of different species (the rabbit, rat, chicken, cat, dog, swine, horse, bovine, and sheep). The results showed that T. foetus strains (ATCC KV1, K, PAL, 5022, RJ, 90) did not present any hemolytic activity against any human erythrocyte group nor against rabbit, rat, chicken, cat, dog and swine erythrocytes. T. foetus strains, however, lysed horse, bovine, and sheep erythrocytes. No hemolysin released by the parasites could be identified. Hemolysis did not occur with trichomonad culture supernatants, with sonicated extracts of T. foetus, nor with killed organisms. Scanning electron microscopy (SEM) showed that human erythrocytes did not adhere to the trophozoites, in contrast horse erythrocytes adhered to the surface of the parasites and were phagocytosed for up to 90 min. The parasites are able to exert their cytopathic effects through: (a) physical contact established between the two cell surfaces, (b) toxins released from parasites into the interaction media, or (c) the association of both mechanisms. Further studies are necessary to clarify the importance of the hemolytic activity in the biology of T. foetus.
INTRODUCTION
Tritrichomonas foetus is responsible for bovine urogenital trichomoniasis. It is a venereal disease transmitted by coitus as well as by sub-standard artificial insemination. The protozoan is observed in the urogenital cavity of cows and it is able to migrate upward through the cervix and invade the uterus [17] . In bulls, the most common site of infection is the preputial cavity, although the epididymis, and seminal vesicles may sometimes be involved [2, 17, 21] . Among infected calves, the occurrence of endometritis, accompanied by uterine, cervical, and vaginal catarrh, is frequent. Since endometritis and uterine catarrh may prevent fertilisation affecting the regularity of the estrous cycle, some of the infected calves may remain permanently sterile [2, 22] .
The interaction of T. foetus with the epithelium lining of the urogenital cavities is the initial and crucial step for the establishment of bovine trichomoniasis [22] . Although extensively studied, the mechanisms of the pathogenicity of T. foetus have not yet been well defined. The pathogenicity of T. foetus has been previously reported, employing growth characteristics [20] , mouse inoculation [13] and in vitro experiments using epithelial cells to investigate pathogenic trichomonad-host cell interaction relationships [31, 32] . The hemolytic activities of different species of Trichomonadida, including Trichomonas vaginalis [6, 7, 16, 19, 27] , T. gallinae [10, 11, 33] Tritrichomonas foetus [8, 9] and Tritrichomonas suis [8] , have been studied using in vitro methods.
The investigation of hemolytic activity constitutes an experimental model, using red blood cells as the target membranes, to better understand the cytopathic mechanism used by T. foetus. The aim of this study was to determine the hemolytic activity of six strains of T. foetus and to investigate the contact-dependent mechanism between the parasites and the different erythrocytes (fresh human blood and different adult animal species) by scanning electron microscopy (SEM).
MATERIALS AND METHODS

Parasite culture conditions
Six T. foetus strains used in this study (ATCC KV1, K, PAL, 5022, RJ, 90) were obtained from Professors Wanderley de Souza, Marlene Benchimol and Fernando C. Silva Filho (UFRJ, Instituto de Biofísica Carlos Chagas Filho, Rio de Janeiro, Brazil) and Dr Helio Guida (EMBRAPA, Seropédica, Rio de Janeiro, Brazil). The trichomonads were cultured axenically in trypticase-yeast extract-maltose (TYM) medium [12] , supplemented with 10% heat inactivated bovine serum, penicillin (1 000 IU/ mL) and streptomycin sulphate (1 mg/mL) at 37 °C. The pH of the TYM medium was adjusted to 7.2. The strains were kept alive in liquid nitrogen (-196°C) with dimethyl sulfoxide (DMSO) [25] . The trichomonads were in the logarithmic phase of growth and subcultured every 48 h and exhibited more than 95% mobility and normal morphology. The protozoa were counted with a hemocytometer and adjusted to a concentration of 1 × 10 6 cells/mL in TYM medium.
Erythrocytes
Fresh human blood was obtained at the City's Emergency Hospital's Blood Center and also from volunteer donors, and fresh animal blood was obtained from nine different adult animal species (rabbit, rat, chicken, cat, dog, swine, horse, bovine, and sheep). The blood was diluted in an equal volume of Alsever's solution. The plasma was discarded by centrifugation (250 × g for 5 min) and the erythrocytes were washed three times in sterile phosphate saline buffer (PBS). Each experiment was performed using fresh erythrocytes from all human blood groups and adult animals. Whole human blood samples were previously examined, and determined to be hepatitis B antigen (HBsAg) negative, and human immunodeficient virus (HIV-antibody) negative.
Hemolysis assay
The trophozoites were harvested from a 24 h culture (viability > 95%) in TYM medium, and washed three times in TYM medium by centrifugation (750 × g for 10 min). A volume of 50 µL of washed fresh undiluted erythrocytes was mixed with 2.5 mL of TYM medium containing a total of 1 × 10 6 trophozoites of T. foetus. After 18 h of incubation at 37 °C, the mixture was centrifuged (250 × g for 10 min). Absorbance of the supernatants and controls were measured at 540 nm. Control tubes were included in all assays and the spontaneous hemolysis was also controlled. The results were expressed as percentages of total hemolysis (100%). The mean and the standard error of the hemolytic activity of trichomonads with the different erythrocytes were calculated after performing the assay at least four times, each in triplicate. In order to investigate the possible presence of a hemolysine or a metabolism product responsible for the hemolysis, the assay was performed with culture supernatants from 24 and 48 h, hemolysis supernatant, parasite sonicated extracts and killed T. foetus instead of the trichomonads. The parasites were sonicated in the late exponential phase and washed three times in PBS, pH 7.2, by centrifugation at 2 000 rpm. The washed cells were resuspended at a density of 1 × 10 6 organisms/mL in PBS, pH 7.2, then were subjected to five cycles of sonication for 10 s at 50 watts in an ice bath. The samples were then centrifuged and the supernatants were filtered through a 0.22 µm filter membrane (Millipore) in order to perform the hemolysis assays. Killed T. foetus was obtained by freezing. Statistical analysis was conducted by one-way ANOVA (Analysis of Variance) followed by the Duncan post-hoc test, considering a level of significance of 5%.
Scanning electron microscopy
In order to investigate the interaction between T. foetus and human O group erythrocytes or horse erythrocytes, the cells were collected by centrifugation at 6 000 × g for 5 min and allowed to interact for 30, 60 and 90 min in PBS using an erythrocyte: protozoan ratio of 100:1. After interaction, the cells were fixed for 2 h 30 min at room temperature in a solution containing 2.5% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2). The cells were then allowed to adhere to glass coverslips previously coated with 0.1% poly-L-lysine (Sigma, St. Louis, MO, USA) and post-fixed for 2 h with 1% OsO 4 . The fixed samples were dehydrated in ethanol, critically point dried with a Bal-Tec CPD 030 critical-point dryer and lightly coated with gold particles in a Bal-Tec SCD 005 sputter coater [11, 29, 34] . Observations were carried out using a Philips XL30 scanning electron microscope (SEM).
RESULTS
The strains of Tritrichomonas foetus (ATCC KV1, K, PAL, 5022, RJ, 90) did not present any hemolytic activity against any of the human blood group erythrocytes, nor against rabbit, rat, chicken, cat, dog and swine erythrocytes (data not shown). In contrast, high hemolytic activity, ranging from 31 ± 1.3 to 96 ± 0.9% (mean ± S.E.), was detected when T. foetus strains were tested against horse, bovine, and sheep erythrocytes (Fig. 1) . Hemolytic activity was maintained after a serial transfer in axenic culture for six months. The T. foetus trophozoites observed at the end of the hemolysis assays were alive and were successfully cultured in TYM medium. The cellular viability was not affected by experimental conditions.
No hemolysin released by the parasites could be identified. Hemolysis did not occur with trichomonad culture supernatants at 24 and 48 h. Hemolytic activity was not observed with the hemolysis supernatant obtained at 18 h, not with the sonicated extracts of trichomonads, nor with previously killed T. foetus (data not shown).
The SEM showed that human O group erythrocytes do not adhere to the parasite (Figs. 2-5) . In contrast, SEM demonstrated that horse erythrocytes adhered to the trophozoites of T. foetus, developed an amoeboid morphology, and crawled over and under the erythrocytes. Figures 6 to 8 show the contact between the protozoan and horse erythrocytes after 30 min. Figure 7 shows the amoeboid morphology of the trophozoites in contact with the horse erythrocytes. After just 30 min, strong adhesion between both cells was observed (Fig. 8) . (Fig. 8, arrowhead) .
suggests erythrophagocytosis developed by the parasite. In addition, Figure 10 shows the involvement of the anterior and posterior flagella, and even the axostyle, probably in the capture of the erythrocyte. In addition pseudopods were also observed (Figs. 8  and 13 ). The horse erythrocytes adhered to the protozoan body and were phagocytosed over the entire flagellate surface.
DISCUSSION
In the current report, in vitro studies were conducted to provide more information regarding the direct interaction of T. foetus and erythrocytes. Hemolytic activity has been demonstrated in several protozoan parasites such as Trypanosoma congolense [36] , T. brucei [37] and Entamoeba histolytica [23] . The hemolytic activity of T. vaginalis and the correlation with the virulence of the strains has been previously described [7-9, 16, 19] . The mechanism of hemolysis is not yet well established and may be different for each species. T. congolense hemolysis has been related to fatty acid release from endogenous phosphatidyl choline by a phospholipase A [35] .
Our data suggest that the adhesiveness, amoeboid morphology, and motility of T. foetus may be the consequence of specific recognition on the surface of parasites and may play an important role in the mechanisms of hemolysis in T. foetus. When horse erythrocytes were maintained with the trophozoites, the SEM demonstrated erythrophagocytosis by the parasites, suggesting a contact-dependent mechanism of the hemolytic activity. Rendón-Maldonado et al. [28] have observed two forms of erythrophagocytosis by T. vaginalis. The first involves a suction mechanism, with the elongation of the erythrocyte plasma membrane and internalisation through a narrow endocytic channel, while the second proceedes through the emission of a phagocytic stoma.
In addition, Fiori et al. [14] also proposed a mechanism to explain that the hemolytic activity of T. vaginalis was a contact and temperature dependent phenomenon and hypothesised that cytopathic effects could be related to pore-forming in the membrane of erythrocytes. Multiple activities of cysteine proteinases (CP) have been found among parasitic protozoa [26] , including T. foetus [24] . However, the CP in T. foetus are associated with the cytotoxicity exerted by the parasite to cultured epithelial cells rather than cytoadhesion [31] . In addition, CP inhibitors greatly reduce erythrocyte lysis, suggesting that CP may be a lytic factor involved in hemolysis [6] . Furthermore, studies focusing on the trichomonad-cell interaction have pointed out that the parasites can exert their cytopathic effects through: (a) physical contact established between the two cell surfaces, (b) toxins released from parasites into the interaction media, or (c) the association of both mechanisms [5] .
Here we suggest that T. foetus hemolysis, like other cell-cell interaction processes, is a very complex phenomenon which is always preceded by cellular recognition. The presence of pseudopods in T. foetus (Figs. 8 and 13 ) may represent a very efficient mechanism for the parasite to make contact with the erythrocyte surface. Furthermore, the movement of the four flagella found in T. foetus is of importance not only to the locomotion of the parasite into liquid media, but also to the induction of liquid currents that become parasites able to easily uptake nutrients from the surrounding medium [20] . Likewise, Figure 10 shows the anterior and posterior flagella, and even the axostyle, probably involved in the capture of the erythrocyte.
Da Silva et al. [5] showed strong agglutination between T. foetus and human A group erythrocytes, suggesting the occurrence of an adhesin associated with the parasite surface. Indeed, the authors used the same K strain and human erythrocytes that we used in the present study and observed an increasing intensity of adhesion for up to 30 min of incubation. In contrast, we did not observe adhesion between human erythrocytes and the trophozoites of T. foetus for up to 90 min. To explain these results, we suggest that the erythrocytes from different donors could express different surface molecules which interact with the parasites through divergent pathways resulting, or not, in adhesion.
In addition, lectin molecules found at the cell surface of trichomonads appear to be important for epithelial cell recognition by these organisms [1] . Bonilha et al. [3] showed that sialic acid residues present on the surface of Chinese hamster ovary (CHO) cells may favour the cytoadhesion of T. foetus, whilst hampering that of T. vaginalis. These findings strongly suggest an important role for host-cell surface glycoconjugates during the cytoadhesion of trichomonads, demonstrating that the recognition of the erythrocytes by T. foetus may be partially related to some parasitic surface lectins. Furthermore, a 118 kDa surface molecule enables T. foetus to recognise laminin-1, an extracellular matrix (ECM) glycoprotein, and to adhere to lamininrevested substrates [32] . The parasite is also able to recognise fibronectin, another ECM glycoprotein, through some manose residue-containing glycoconjugates [30] . Lectin molecules and proteins that recognise laminin and fibronectin may play an important role in the process by which the type of erythrocyte is recognised and adhered to by T. foetus.
Our results showed that, for T. foetus, no hemolytic activity could be detected in culture supernatants, suggesting that hemolysis was not dependent upon the release of hemolysin or soluble metabolites by the parasite. Other authors [4, 18] have shown that all isolates of T. foetus tested by them presented a hemolysin. Differences in the experimental conditions, such as pH values and temperatures could influence the identification of these hemolysins [15] . In addition, it is possible that cysteine proteinases identified in T. foetus [24] could inactivate a released hemolysin of the parasite, which could be studied by the addition of proteinase inhibitors. Further studies are necessary to clarify the importance of the hemolytic activity in the biology of T. foetus.
